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OM O.M)-CHORD AILSROHS

By W, Letko and Ha @. Denaoi

SUMMARY

Pressure-distrlttutlon tests of an l?AOA 66,2-216, ~
= 1.0, airfoil, equipped with a blunt-nose-balance aileron

~nd a sealed internal-balance aileron, and of an RACA 23012
a3rfoil, equipped with a I?rise aileron and a blunt-nose-
balance aileron, were made in the two-dlmenelonal test
section of the LMAL stability tunnel. The tests were made
at various airspeeds corresponding to Mach numbers of ap-
proximately 0.20 to 0.47. The pressures were measured on
the upper and lower surface at the midspans of the main
airfoil and the aileron for several different aileron de-
flectlone at several angles of attack.

The data are presented In the form of pressure-
dlstrlbutlon diagramn for the airfoitiileron oombinatlona
and for the aileron alone and as ourves of section coeffi-
cients whioh were obtained by Integration of the preesure-
dlstrlbutlon dlagram~ of the airfoil-aileron combinations.

IMTRODUCTIOE

The forms of aileron balances an current use have
given performance that was satisfactory according to pre-
vious airplane requirements. With. the development of
current combat airplanes, however, large inoreases in the
speed and the wltig area of these alrplanecs, together with
the demand for high rolling velocities, ”have”made it
necessary to balanoe almost completely the hinge moments
of ailerons in order that the ailerons oan be deflected
under all conditions of fllght. Thie close balance,
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together with compressibility effegte, has oaused over-
balance of ailerons at high speeds on come existing ailer-
on inetallationa. It has been considered desirable,
therefore, to reinspect certain of the currently used or
recently proposed balance arrangementta from theee coneid-
erati.one.

The NACA Is thus andertaklng a study of some of the
more promising aileron forme at higher speeds than those
employed in previous development. Beferencea 1 to 4
have repurted the effect of speed on section hiqge-moment
coefficients and section lift coefficients of G.20-chord
ailerons equipped with blunt-nose and sealed internal
balances on the l)lACA66,2-216, a = 1.0, airfoil and with
blunt-nose and Frise balancee OQ the NACA 23012 airfoil.
The present report, which is intended to supplement the
Information previously given, presents data primarily to
show the effect of speed on the pressure distribution over
the same wing and aileron comblnat”ions as presented in
references 1 to 4.

Preseure-distribution diagrams have been given at
Mach numbers of approximately 0.20 and G.47 for the con-
figuration of each aileron that is believed to be the
most practical. Pressure-distribution diagrams for the
aileron have been given to show the change in pressure
distribution with changee of aileron co~lflguration at a
Mach nuabsr of 0.36. Curves of tha section coefficients,
which were obtained by integration of the pressure-
distribution diagrams of the airfoil-aileron combinations,
are given for the airfoil-atleron combinations and for
the aileron alone.

SYMBOLS

The coefficient and symbols used in this report are
defined as follows: .

Cn
(J

airfoil section normal-force coefficie::t &
~

‘me/4
airfoil section pitching-moment coefficient about

()
‘Athe quarter-chord paint of the airfoil .

aileron section normal force coefficient
L

na) ‘oa
Cna

. . TJm .
,

Cca
()

Xa
aileron section chord-force coefficient

~
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h
cha aileron section him&eaemarh-m coefficient +

qo~

P pressure coefficient
:! ntatic preeeure o.,

dynamio preesure
butlon diagram)

; local. static pressure minus
f the free stream divided by

(Ordinate of pressure distri-

Pc critical pressure coefficient, that is, the pressure
coefficient corresponding to the local velocity
of sound

where

n faectlon normal force

me/4 section pitching moment about the quarter-chord point
of airfoil

na aileron section normal force

‘a aileron section chord force (not including profile
drag)

ha aileron section hinge moment

q dynamic preseure
()
y

v air velocity

P mass density of air

and

a. angle of attack of airfoil for infinite aepect ratio

ba aileron angle with respect to airfoil

M Mach number

APPuATUS M?D MODEL

!Ceats were made in the two-dlmenslonel teet section
of the tatabllit~ tunnel.
per hour can be obtained
6 feet high and 2.5 feet
of the teet eection with

Air velocities Up to 400 miles
in this test section, which la
wide. Pigure 1 Ie a photograph
a modeX In place.

— .- ...



. . . .

4

The modelm investigktied had ~ACA 66,2-216, a = 1.0.
and EACA 23012 airfoil seotione of 2-foot chord. Table I
givee the airfoil ordinates. The main portion of the air-
foil models was made of laminated mahogany. The “ailerons
::::icz)s of 0.20 chord and of true contour, were made of

~he nose pieces were made of wood on all but the
Internal-balance aileron, on which a steel no6e piece wae
used. The cover plates of the internal-balance aileron
were made of l/8-inch sheet steel that was rolled to the
airfoil oontour. The vent gap wae varied by using cover
plates of different lengths. The seals used on the
internal-balanoe and blunt-nose ailerone were made of im-
pregnated cotton fabric and extended completely acroae
the airfoil span. In order to prevent leakage at the
ende of the Internal-balance aileron, the olearance be-
tween the ende of the baiance end the wallm waa kept at
a minimum and sealed with grease.

The aileron wae s-apported at the ends by ball bear-
inge hoxae~ in steel end plates attached to the eirfoil.
The airfoil completely spazmed the tuanel and wee fixed
Into circular end disks which were flueh with the tunnel
walls ~lth about l/8-inch clearance between the aileron
and theee end diakm.

The angle of attack was changed by rotating the end
dleks. Aileron angles were varied end ~et from outside
the tunnel. Pressure oriflceti were located on the center
lines of the airfoile and ailerone except when a emall
amount of stagger was necessary where the orifices were
oloaely epacea, as at the leading edge of the airfoil and
aileron. The preseure distribution was reoorded by photo-
graphing a multiple-tube manometer.

TEW’8

The pressure-distribution teets reported herein were
made simultaneously with hinge-moment and lift tests for
all the model configurations reported in references 1 to
4; howe?er, only those records believed to be the most
useful are presented. .

Records were taken at airspeeds corresponding to
Maoh numbers of approximatel~ 0.20, 0.36, and 0.47; the
lowest Mach muzber correeponde to a Reynolds number of
2,800,000 and the highest to a Reynolds number of about
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6,700,000.. ~lgure” 3“ is a plot ,of -Reynolds ~umber based-- .. ...
on “standard atmospheric conditions against test Mach num
her. !Ce@ta were made at indioated angles of attack of
-5°, 0°, 5°, and 10°. With the tnternal-balance aileron,
however, pressure-distribution reoords were taken only at
angles of attack of 0° and 10°. ~or each angle”of attack,
records were taken at tlie”$md~cate~ a~leroa deflections
of 0°, +5°0 +10°, andk16°. The highest va~ue of Mach
number could not be attained at Large angles of attack
with large aileron deflections because of limited tun-
nel power.

Anglee of attack were eet to” wlthln*O.1° and aileron
angles, to within +0.3°. The indicated aileron angles,
which are given In the preeeure-distribution diagramsg dif-
fer slightly from the actual filleron an~leB becauae of a
emall torsional deflection between the aileron and alleron-
angle indicator; the aileron angles given in the plots of
aerodynamic coefflciente, however, have been corrected for
the toreional deflection.

Corrections for tunnel-wall effects were applied to
the section normal force, the section pitching-moment
coefficients, and the angle of attack. The corrections
applied are:

C==[l - Y (1 + 2p)] c~f

c~c/4 =(1- x
2Py) cmc/4’ + ~ cn’

=0 = (1 +x) Uo?

where

B = 0.304 (theoretical factor for I?ACA 66,2-216, a = 1.0
airfoil)

$ = 0.237 (theoretical factor for MACA 23012 airfoil)
.

h height-of tunnel

%’ measured normal-force coefficie~t

.— --
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U. f unaorreoted or geometric angle of attaak

%0/4 I measured pitching-momen”t coeff~clant

!!!hevalues used are:

I’or the IJACA 66,2-216 airfoil

on = 0.963 C*l

cm = 0.986 C I + 00006 CJ
c/4 me/4

For the HAGA 23012 atrfoil

Cn = 0.966 Onl

‘ + 0.006 cn’
cmc/4

= 0.989 cmc/4

For both airfoila

a. = 1.023 ao’

Although the effect of compressibility on these correc-
tions has been neglected, this neglect 1s not believed to
Invalidate the conclu~ione given.

No corrections were applied to the section hinge-
moment aoefficiente, aileron section chord-force coeffi-
cients aileron section normal-force coefficients~ or the
preesure-distribution diagrama.

RESULTS AND DISCUSSION

Section Pressure Ditatrlbution

Pressure-distribution diagrams of the NACA 66,2-216,
8 = 1,0, airfoil, equipped with a blunt-nose-balance
aileron and a sealed internal-balance aileron and of the
lTACA 23012 atrfoil, equipped with a 17riee a%leron and a
blunt-nose-balance aileron are given In ftgurae 4 to 7,
reepeottvely. The pressure coefficient in these diagramta
have been plotted perpendicular to the chord line of the
atrfoll for all aileron deflections. These dlagrama,
whtch are preseuted primarily to show the effect of increas-
ing the airep-eed on the pressure diatrlbution, 8how that
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the negative preseure aoefficlentta Inorensed with incremue
- ‘of spae’d,-’bioept where the pressure ooeffioient@ were
%-, greater than the orltioal preeaure coefficient or where
) separation took place.

~

The theoretical variat~on of the
critioal pressure ooefflcient with Maoh number, obtained

: from equation 6(a) of referenoe 5, is gipen in figure 8.

4 Values of critioal preetaure coeffiolent have been indicated
on the pressure-dletr~bution diagrams fpr only the condition

, where the 100al speed of sound has been reached or exoeeded.

The Internal-balance aileron (fig. 6) was the only
aileron tested that had peak .pressnree on the aileron that
were always lower than tho~e on the wing portion of the
atrfoll at all altitudeO and aileron deflection. This COn-
ditlon la important becaaae, at low angleB of attacks peak
preaaurea on the aileron mar determine the critioal ~peed
of the airfoil-aileron combination.

On the blunt-nose-balance ailerons, the peak pressure
over the balance nose &enerally did not increaae with in-
creaaa in aira eed and in some caaee decreeaed considerably
(flga. T4 and 7 . Thla phenomenon can be at~ributed to
separation brought about by the projecting cornerm of the
balance. Becauae the characterlatic shape of the preesure-
distrlbution diagram over the aileron changed from approx-
imately triangular to roctenguiar when reparation or stall
occurred, the hinge-moment coefflcienta were greatly in-
crea~ed.

The peak pressures at the nose of the Friae aileron
(figs 6) were very high in the unstalled range of negative
aileron deflectlona and were usually higher than the peak
preesurea on any of the other ailerons tested. The flow
through the slot between the aileron and the wing caused
wide varlationa of preaeure over the upper surface of the
a$leron forward of the hinge. No large peak preasurea
were noted on the aileron at positive defleatlona.

In crder to show the effect of changes in balance,
nose radii, and gap width on the pressure dlatributlon of
the varioue airfoil-aileron combination, figures 9 to 11
have been preeented, whioh give OIIIF the preaaure distri-
bution of the aileron portion of the airfoil for a Mach
number of 0.36.

At aileron angles other than neutral, the pressure
diatrlbutign of the blunt-nose-balance aileronta was con-
siderably changed becauae of changea of the balance-nose
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radii. (See fig. 9(Et).) The balance nose of the ailerons
projecting into the alr stream caused separation =t small
aileron angles. The unstallea range of the aileron waa
Increataed considerably by increasing the nose radii from
o to 0.02C. I’igure 9(b) shows that sealing the gap de-
creases the peak pressure at the nose of the aileron and
also eliminates the irregularities in the pressure eeused
by flow through the gap. .

Pressure-distribution diagrama of the sealed-internal-
balance aileron on the 66,2-216, a = 1.0, airfoil with
three vent gaps are given In figure 10. Because there is
no flow across the ‘balance of thie aileron, the location
of the ends of the oover plates, which Is defined by the
vent gap, determine the pressure available for balance.
Increases in the vent gap generally reduced the pressure
difference across the balance.

The effect of variations of the nose radius of the
I%ise aileron is shown in figure n(a). At negative ai-
leron deflections the smallest Lose radius, 0.0012c, caused
the flow to separate at a small deflection. At aa = -10°,
the 0.0080c radius delayed the stall but more than doubled
the peak pressure; further Increase of the radlue to
0.0150c decreaeed the peak pressure. Variations of the
radii had considerably leas effect at xero or positive
aileron deflecttoze than at negative deflections.

Variations in the pressure distribution caused by in-
creasing the vent gap from 0.0055c to O.O1OOC with the
0.00800 nose radius and by rounding the lower surface to
a radius of 0,02c at the entrance of the slot, are shown
in figure n(b). (l?or convenience, this radius of the
rounded wing block will be designated lower-surface radius
on the figures.) At negative aileron angles, as the flow
is Increased through the slot by increasing the vent gap
and rounding the wing block at the slot entrance, the peak
pressure is decreased.

During the tests, the aileron deflection for m given
angle of attack at which the peakm pressures reached a max-
imum over the nose of the Ifrise atleron was determined
and is”given in table II. The highest peak pressure coef-
ficients were obtained at low Mach numbers and the aileron
angle at which the pressure coefficient was maximum de-
creased with increase of epeed.
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Sect Ion Loads and Moments

The seotlon coefficients for the var~oua airfoil-
alloron combinations, which are given in figures 12 to
15, were obtained from an integration of the pressure-
dlstribution diagrams given In figures 4 to 7, The
chord-foroe coefficient of the aileron has been used in
oaloulatlng the pitching-moment coefficient of the air-
foil, although none of the diagrams in whioh the pres-
sures were plotted parallel to the aileron ohord have
been presented. Because the chord-force was evaluated
by integrating the pressure-distribution diagrams, the
magnitude of these foroes will be in error by an amount
equal to the skin-friction forces, whioh have not been
inoluded.

Each aileron apparently stalled at some deflection
that depended on the geomotry of the aileron, on the
angle of attack, and on the speed; khd the ourves of
load and moment ooeffloients ohanged appreciably at the
stall. In every caso the unstalled range was deoreased
with inorease of speed. The slope of the curves of load
and moment ooeffioients in tho unstalled range was gen-
erally increased with Increase of speed.

00ITCLUSIONS

The results of the present Investigation of prossure-
dictributlons over the -OA 66,2-216, a = l.~and ~~
23C12 airfoils with various balanoes on 0.20 chord ailer-
ons indioate the followlng general concsluslonfi

1. Increasing the airspeed from a Mach number of
approximately 0.20 to 0.47 caused large changes in the
pressure distribution over the alrfoll and aileron. The
negative prsssure ooeffioients increased with inorease
of spesd, except when the pressure ooefficiont was
greater than the oritical pressure ooeffloient or when
separation ooourrod. The unstalled rauge of the ailerons
tested deoroased with increase of speed.

2. The unstalled range of tho blant-noso and Frise
ailerons was appreciably Inareased hy inoreosing the
radius of the nose of the balance. !Che highest peak
presauros at the nose of the balanoe were obtained with
the 3’rise aileron.

. . - . . -- . . , -- - - ..- .. - -- - .. ----- . . . . . . .. ... . . .. . . .
. . . . .. . .
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3. Sealing the gap of the blunt-nose-balance ailer-
ons deoreased the peak pressure at the nose of the
aileron and eliminated the irregularities In the pressuro
caused b~ flow through ttie gap.

4. ~he inte~nal-balanoo aileron was the only aileron
tes5ed that had lower peak pressures on the aileron than
on the airfotl at all attitudes and deflections. This
condition is important beoause at low angles of attaok .
peak pressures on the aileron may d~tnrmine the crit-
ical speed of the airfoil-aileron oomblnation,

Langley Mernorle.1Aeronautical Laboratory,
National Advisory (Yommlttee for Aeronautics,

Langley ~$.eld, Va. .
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- ORDWUI!FS OF .AIZE’OILS

[Six.;ions 23%2;Qes in ~ercen~ of airfoil clIoi&J

lTMA 66,2-216, a = l. O,airfoil lT.&(X 23012 airfoil

Ordirmt es
U~~er Lower -

S~aticm Ordinate Station Ord.ina.~e Sta~ioil ‘@ur2ace euxfac. e

o
.1:()~
.640

1 .12f3

o 0
● 599
.8%0

o
-1.130
-1.@-4
-I.644
-E!.lW
-2.972
-3.5$0
-4.106
-4.930
+. 564
-(j.054
-~.@2
-6.676
-6.gjg
-6.902
-6.854
-6.6~
4*35 t
-5.goa
-4.997
-4.070
-3.052
-2.049
-I.069
- ● 2G1
o

0 ------- 0
1.25 2.67 -I.23
2“5 3.61 -1 ● 71
5.0 h*91 -2.26
7*5 5.30 -2.61
10 6.43 -.2.92
15 76~cj -3.30 ‘

1.230
1.4g4
1.g5tf
20560
3.604
4.4a3

1.372
2.638
5.154
7.660
10S62

2.362
4,846
7.340
g ● G38
14.845
19,860
24..G79
2$!.goo
34.924

~*140
6.276
7.156
7.~44

-3*97
‘-4..W15.155

20.140 7*55 -4.46
7.14 -4.4g
6.41 -4.17
5.47
4.36

-3.67
-3.00

J*O8 -2.16
1.68 -1.27

25.I.a
30.100
35.076
40.051
45.026
50.000

h.366
~.736
z.p80
9.092
3.060

39*949
44.974
50.(?00
55.025
60.04g
65.067
70.ot31

54.975
q?.$1~2
64.933
69.919

9!?
100

-.76
-.13

j’~,Oq
Go.0s5
85.075
90.055
$J5.02G
100.000

IJ.33. radius: l..~g
Slope or rw?.ius Vnrough end

of chord: 0.305

74.913
79.915
~k925
fffjl.945
94.972
100.000

L.3?J. radius: 1.575
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5W3L13 II.– MAXIMUM PXAE I?R13SSURE COIN!V’iC13MlS lLI! lTOSE

Oil’I?BISE .LILEROH

[Nose radius = 0.003c; vent gap = 0.0055c]

6.2 Haxirnun peak
(::g ) (aeg)

M
pressure coefficient

-.—-——-———.— —-——-——-—-

–5.1 -1A*O -3.3 0,197

0 -15,3 -4.5 .196

0 –10.8 -3.1 .472

5.1 -15.3 -4.9 .196

5.1 , –12.0 -3.4 ●454

10,2 -11.3 -3.7 ,444
.—— —. ——— .———-

c
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Figure l.- Airfoil and aileron mounted in tunnel.
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‘Flexib/e see/

Figure Z. — sketch of o Uerons. A// oilerons ore of true
contour. c = 24.00 inches.
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